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A _STUDY OF ANTIGEMIC ACTIVITY OF SOME PLANT TOXALHMING

Some plant toxalbu=ins, such as ricin from Rieinus Communis (Euphorbiaceae)
and abrin from Alvus precatorius (leguminosae) are extremely toxic. Ricin, the
highly toxie, hemagglutiaing protein is of great interest in medicine. For
such & toxalbumin when injected in smill doses rmay act as an antigen and”

rroduce in the body m >ntitoxio analogue $e “hat rredueced 2 vacterta or
venom, The fsclation of ricin was {irst realized by stillmark Barlier

=ethods of preparaticn were carried cut before the development of modern
physiochemical and imruncchenieal methods for characterizing preteins and data
are therefore laking on the purity and homogeneity of the products obtalned,
In recent yeurs, the differeny toxic fractjons of riein have bteen prepared Yy
Kabat, Heidelberger and Bezeri2) by {r tional precipitation with sodium
salfate (1947). Kunitz ==d McDonald 3?€have obtained the most toxie fraction
by rirst precipitation with Ssdium Suifate and then adju,szeg the iso-electris
point of toxalbumin Sclrticn at pH 5.2-5.5 (1948). Moula\blstated that the
highly toxic fraction of ricin was prepared by precipitation with half satura- -
tion of aomonium gulfate {1951). The isclated fractiona of ricin prepared Yy
Frevious authors were not purc and heomogenous substances.

In the present repor. a1 sumary is given of a portion of a study on the
extraction md purificaticn of ricin. The nature, goxicity and antigenie
activity of ricin are alsc Rudied.

EXPERD BNT AL
Extraction and Purificatica of Ricin

1,390 Gn. of caster bem were ground and macerated with 1,400 ml. of sther
at room temperature for 12 hcurs, Pressed out the aclvent, Repeated the
=ageration as the previcus tie, The castor bean powder was then air dried.

The castor meal was extricted twice with 1,5 L. of aleohol at room temperature.
Earoved the alcohol by pressing and dried the bean powder under reduced
pressure. The defatted —itter, weighing 410 Gm., was then macerated twice

with 2 L. of 10% sodium chlcride soluticn at 3~4°C for 74 hours. By filtraection,
the filtrate was freed frez sodlum chloride by dialysis. The non-toxie

£lobulin precipitated was centrifuged off, The proteins of the supernatant
1iguid were precipitated k7 saturation with ammonium sulfate, and after 15 hours
at about 10°C, centrifuged the mixture, The precipitate was dissolved in water

and freed of the insolubie =aittur by centrifuging, Repeat the precipitation
and dissolution, .

To the clear liquid =z2asured 90 ml., A5 ml. of saturated amonium sulfate
3-lution was added {1/3 sztzrsticn) and kept the mixture at 3-49C for 24 hours,
The ferning precipitate wzs centrifuged off. To the liquid of a voluma of
130 nl., 4 ol, more of szturited amsenium sulfate solution was then odded
{ralf saturation) and kept the mixture at about 10°C for 24 hours. The
Frecipitate separated frro centrifuging, was dissolved in a small amount of
water (the supernatant lig:id frem centrifuging was reserved for further
traatment), Repeated the precipitation and disselution and finally the solution
was dialysed., The e€lcar sciution was freezu~-dried in a Stckels freeze-dryar,
redel 2003 F2 (equipmweat with freon as freezing agent, drying under high
vacuua at 300 u over 16 heurs). The white porous powder, Ricip fraction I
(ficin I), 904 mg, was oMaind (yield: 0,066%).
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The ai~ve reserved supernatant liquid froa half saturation of ammonium Cofa

- sulfate was vaturated again with amonium sulfate. Kept the mixture at 10°C b

for 2L hours. Collect the precipitate sfter centrifuging. The precipitate FRRAN
was dissolved in a saall amount of water and made the sclution s=1t free by _ :

dialysis., The liguld was freeze—diried in a Stcke's freeze-dryer, giving 2,991

Gn. of a white, porous pewder, Ricin fraction IT (Riein II), (yi=ld: 0.2)16%).

Propertics of Ricin fractions S

Deternination of the sedimentaticn ecnstant of ricin fractlons was carried ;
out Y7 using 1% sclution of ricir fracticns in 0.2 M sodium phosphate in ay -
ultracentrifuge, The data of deteraination were as follows:s : -

¥oleeulad weight czleulated

Riein I S0 = 478 x 10713 75,000

Riein II S0 = 5.30 x 10713 - 85,000

Riein IT was found to have a molecular weight of about 85,000. The
sedinentation constant of Ricin I was slipghtly lower, leading to a molecular
weight of 75,000, a value not considered siznificantly different from that of
HBiein II, since the precise tempurature control was not possible during the
measurement of sedirentation,

LIS

o

i R;.cin I showed a lower cptical rotation { —29°) thaa did the Riein II
-3:.” -

" Table 1 Freoperties of Ricin Fractions

B R

Ricin I Ricin IT

(&)p degrees -2g0 -30
Molecular weight 75,000 85,000

The Ricin I and II were d:termined qualitalively hy paper chromatography.
a descending mcthod, on Whatran paper Na. 1 and a solvent of citrate Wuffer :
with pH 6,0 (0.75 ml. of 0.02 M scdium citrate, 9.25 ml. of 2 N HCL, and -
50 Gz. of scdium chloride pur liter) were erployed. The terperature was .
kept at 20°C, Using ninhydrin as the spraying agent, it shcwed that Ricin I
gave two nearpy spots, and Ricin II, three spots. :

Texicity Test of Ricin Fractions

The toxieity test of ricin fracticns was determined by intraperitoneal
injecticn of 3.5 =1, of the ricin seluticn in serial concentrsticns. Three
oice weighing 2083 gn, were used as a lot, being injected with each concentra-
ticn of the ricin sclutien. Death or survival fer fous days was used as the
end point, A dese of 1 meg. of Riecir I had nmo signifizant toxie eifect om
mice weighing X0 G.. when perorally administered but was lethal when adainis,
tered Intraperi‘c.. -\y,
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Table IT Toxicity Test of Ricin Fractioms
Quantity of ricin fracticns mtmﬁ@ﬂ toxicity for mice
injected (meg.) Ricin 1 Ricin 13

0.5 of3

1.0 V3

1.5 ¥ Kémr.

5.0 V3

5-5 B - - 3B \mo

Enzyratie Hydrolysis of Ricin Fractions

The digestion of Ricin I by pepsin at pH & or by trypsim at 7.5 wss found
to take place slowly, Actlion for 3 days, the digested ricin gave a slight
decline in its toxicity. ) mcg. dose of the digestol Ricin X Yy Intraperitoneal
injection caused death of the mice in 72 - 9¢ hcurs., Uhen a prolonged ensymatie
digestion was made for 2 veeks, it broke dowa about 39 - 48% of the lor molecular
products,

Table ITI Two-wecks Enzymatie Disestion of Rieim I

Pepsin Trypsin
Gontrol-]l— "ps“ Control digest

Proilitiifalile N by

Tﬁehfnrcacet:&aeid,—‘

Trichloroacetic acid, ¥ . 100 52

Half saturation with
amcnjun sulfate, £ 1X 32 *. 100 a

Irmuno=chemical Properties of Ricin Fractions

The antitexic serun to Ricin I was prepare? by immunization of rabbits with
a formalinized toxcid prepared as follews: A s-lution containing § mg, of
fiein I per =), Wuffercd at 7.4 with 0.02 K sociwa phosghate and 0.15 M sodium
chleride arnd with 0.5% formalin was kept at 37°C for § days (in some instances
5% formalin wis used), This proeedure resulted i abcut a2 100 to a 1000 feld
reduction in texicity when C,5% formalin was us:d, and about 1000-fold reduction
in toxicity with 5% formalin. Marked leoss of antigenicity occured with fopmalin
at pd 8.5 and abeve, 3
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N Because of the decrease of toxicity of the ricin toxoid and the extrems I

A ;

susceptibility of the rabtbit to ricin, it was foumd necessary to give each :

rabbit sibentaneous injections of 25, 5C amd 50 rieg. of toxoid at 5 day inter- i

vals to induce scme immunity before intravemcus injections were started, .

- Each rabbit then received 2.6 intravencus injecticos weekly for 4, weeks, as :
- follows: two injections of 0.1 mg., two of 0.3 nz., four of 0.5 cg., four of ',
- 1.5 rg,, and four of 5.0 mg, of ricin tomid. The animals became So resistant

.

to the toxic effects of ricin that irmumization coiuld be continued with equal )

= doses of an alum precipitated undetoxified ricin, Rabbits were bled 5 days -

ot after the injection, Tha effect of antitoxic serus has been showed by
neutralizing the toxic effeet of riein on intraperitoneal injection into mioce,

-

DISCUSSION
» The defatted castor meal firstly extracted with 10f sodium chloride
solution, followed ky fracticnal precipitafion with a=moniun sulfate (1/3,
1/2 and full saturation), the highly toxie ricin fracticns I and II were
obtained. The qualitative determination of ricin fractions by paper
chromatographic method showed that Ricin I gawve t<o nearby spots, and Riein
. II, three, It seans that Ricin I and II are still not pure, homogenous
: rubstances, same as those ricin fractions vrepared by kabat, Heidelterger and -
Bezer, Kunits and McDonald as well as Moule «te.. in attempt was made for o
the purification of Ricin I & IT by using lom-exchange resin enlumn chroma-
tography. Bo favorable results cbtained, :

:I- »

o

[

Ricin I & II are different by their molecular weight of 75,000-85,000,
fdein I showed a lower rotation (~28°) than did the Ricin II 5-32"). As to
the toxicity of riein, 1 meg. dose of Riein I killed a meuse (20 Gn.) YWy -
- intraperiteneal injection after an interval of 4 dzs, while in the case of

: Ricin II, a dosc of § rlfg. gave the sxme lethal =ffect, It is interost to
notice that a dose of 1'meg, of Ricin I had o simnificant toxic effoct on
— rice weighing 20 Gm. when perorally administcred but was lethal when
2. adninistercd intraperitconeally. It scems that the ricin undergo hydrolyse
Y- - and lese part of its toxicity in the gastro-imtestinal tract of mouse,
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In the enzcymatic hydrolysis of ricin fractiens, tie digestion of Riein I
by pepsin at pH 4 or by trypsin at 7.4 was fcund to take place slowly., Action
for 3 days, the digested Ricin I gave a slight decline in its toxicity, It
has been showed that ricin was scnawhat resistant tc the proteolytic enzymes, -
Tt 15 somuwhat contradictory to the phencresum that the ricin I had no
significant toxic effect in mouse wheu adrninistere? peiorally. A prolonged

enzymatic digesticn for 2 weeks, it brcke down abeut 39 — 49% of the low mole-
cular products.

This investigation wa2s supported by the J.5. arcy Medlcal Researcn and

Develcpment Cormand, Departrent of the Army, U.S.A. under Research Grant
Koo DAIID-42-293-63-G1C0,
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